Evanescent-wave microscopy surpasses the axial diffraction limit by restricting fluorescence excitation to a thin light sheet close to a dielectric boundary. The resulting excitation confinement and background suppression permit imaging individual fluorescently labelled organelles or even single molecules in live cells. However, non-evanescent excitation light components compromise the achievable optical sectioning and reduce image contrast, particularly in objective-type total internal reflection, for which deviations from the theoretical mono-exponential intensity decay were reported. Here, we use a combination of dark-field scatter imaging, atomic force microscopy and azimuthal-and polar-angle scanning-type TIRF to identify and eliminate sources of unwanted background caused by the non-evanescent excitation. We demonstrate that orientational averaging by azimuthal beam scanning ('spinning TIRF') eliminates heterogeneities resulting from interference fringes and forward scattering, but does not improve image contrast. Concurrent objective-type evanescent-wave excitation and 'virtual' supercritical angle fluorescence detection by subtraction of images taken at full (supercritical) objective numerical aperture and at a partially stopped undercritical aperture is shown to effectively suppress non-evanescent fluorescence and to improve image contrast by a factor of ~2. Thus, combined spinning TIRF and supercritical angle fluorescence detection effectively suppresses the unwanted background associated with the conventional objective-type evanescent-field microscopy, providing a scheme to optimise the conditions for quantitative single-fluorophore imaging.
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